The mass spectrometric fragmentation of 6-(4-chlorophenyl)-N-aryl-4-(trichloromethyl)-4H-1,3,5-oxadiazin-2-amines was studied under fast-atom bombardment (FAB) conditions. To simplify the interpretation of the mass spectra, a number of new 4H-1,3,5-oxadiazine derivatives containing polyisotopic elements (Cl and Br) in the arylamine substituent were synthesized. It was shown that fragmentation occurs in two main patterns.
Introduction
Derivatives of 1,3,5-oxadiazines are of interest in medical chemistry, pharmaceutical industry and agriculture [1, 2] . Effective antibacterial and antifungal agents have been found among the representatives of this class of compounds [3] [4] [5] [6] [7] [8] [9] [10] . The antitumor drug 'synthazin' has been developed [11] [12] [13] . A large number of pesticides have been synthesized as well [14] [15] [16] [17] .
For the synthesis of 4H-1,3,5-oxadiazine derivatives, the [4+2] cycloaddition reactions [16, [18] [19] [20] [21] [22] [23] [24] [25] are most often used, in addition to the intramolecular cyclization of bisamidals [26] [27] [28] and certain thioureas [29] . In studies on the synthesis of 1,3,5-oxadiazines, the structure of the products was confirmed mainly by 1 H NMR, 13 C NMR and IR spectroscopy, and in some cases by X-ray diffraction analysis [20, 29, 30] . MS data were used primarily to confirm the molecular weight of synthesized compounds [9, 10, 25, 29] . Only in two reports [23, 24] the fragmentation patterns of 2-(dialkylamino)-6-phenyl-4H-1,3,5-oxadiazin-4-ones and 2-aryl-6-(2-aryl-4,4-bis(trifluoromethyl)-5,6-dihydro-4H-1,3-oxazin-5-yl)-4,4-bis(trifluoromethyl)-4H-1,3,5-oxadiazines have been suggested. This work is devoted to the determination of the fragmentation pattern of 6-(4-chlorophenyl)-N-aryl-4-(trichloromethyl)-4H-1,3,5-oxadiazin-2-amines 4, the synthetic chemistry of which was developed earlier [29] .
Results and discussion
Compounds 4 were prepared by the dehydrosulfation reaction of N-amidoalkylated thioureas 3 [31] which are the products of the addition reaction of aromatic amines 2 to 4-chloro-N-(2,2,2-trichloro-1-isothiocyanatoethyl) benzamide 1 [32] with dicyclohexylcarbodiimide (DCC) (Scheme 1). In addition to compounds 4a-e, 4g, 4l and 4n synthesized previously, a series of new derivatives of 4H-1,3,5-oxadiazines 4f, 4h-k and 4m were prepared. These compounds contain polyisotopic elements (Cl and Br) in the arylamine substituent, which greatly simplifies interpretation of their mass spectra. The structure of the products was confirmed by spectral studies. For example, in the IR spectra of compounds 4, intense absorption bands related to symmetric and antisymmetric stretching vibrations of the N=C-O-C=N group are observed in the region of 1732-1717 cm −1 and 1653-1645 cm −1 [33] . In the 1 H NMR spectra of these compounds, the signal of the methine proton (5.8-5.6 ppm) adjacent to the trichloromethyl group is manifested as a singlet, while for their precursors 3 the corresponding signal is in the form of a double-doublet (7.5-7.2 ppm). The proton of the amino group in compounds 4 appears in the region of 10.1-9.0 ppm in the form of a singlet, which confirms ring closure with the participation of both amide and thiourea fragments. In the 13 C NMR spectra of compounds 4 in the region of 152-145 ppm, carbon signals of two imino groups are observed, with no signals for C=S (182-180 ppm) and C=O (165-164 ppm) carbons that are characteristic for the starting thioureas 3.
The EI-MS for many compounds 4 are not informative because the peak intensity for the molecular ion does not exceed 1% of the base peak and, for some compounds, the peak of the molecular ion is not observed at all. The absence of a molecular ion peak in the EI mass spectra of many 1,3,5-oxadiazine derivatives has been previously noted [3] . Accordingly, in this study the mass spectra were recorded in a fast-atom bombardment (FAB) mode. In these mass spectra, with the exception of compound 4d, the molecular ion is manifested by the protonated form [MH] + . Protonation is also characteristic for some fragment ions. The presence of polyisotopic elements (Cl and Br) in 4H-1,3,5-oxadiazines 4 in the arylamine substituent greatly facilitates interpretation of the mass spectra. At the beginning of this work, elimination of the HCl (pathway A) or CHCl 3 (B) molecule, as well as cleavage of the oxadiazine ring (C) or (D), could be predicted ( Figure 1 ). It turned out that the elimination of the HCl molecule for the molecular ion of 1,3,5-oxadiazines 4 is not preferred and intensity of the peaks + in most cases does not exceed 5% of the base peak. Moreover, for compounds 4d, 4e and 4n these peaks are not observed at all. Only for compounds 4f and 4h, the intensity of this peak is about 10%. Elimination of the chloroform molecule was observed for all compounds, probably because of the thermodynamic stability of the aromatic 1,3,5-oxadiazonium cation + formed (Scheme 2 The fragmentation pathway C is the most characteristic (Scheme 2). Obviously, the process takes place under kinetic control with the rupture of the weakest bonds. The intensities of the [MH-p-ClC 6 H 4 CN] + peaks range from 10% to 50% of the base peak, and for compound 4c this peak amounts to 100%. Elimination of the ArCN fragment in the mass spectra of 4H-1,3,5-oxadiazine derivatives has been observed earlier [23, 24] . In the second stage of the decomposition pathway C, the molecules of chloroform and hydrogen cyanide are eliminated. The peak for the resultant ion [OCNHAr] + is of high intensity and for compound 4b it reaches 100%. In the third stage of the cleavage, the molecule of HNCO is eliminated, after which the [Ar] + ion formed undergoes fragmentation according to the classical scheme for the corresponding aromatic compounds. It is noteworthy that the thermal decomposition of 4H-1,3,5-oxadiazines occurs according to a similar scheme [34] . Fragmentation pathway D was not observed. This is probably due to the greater stability of the resulting (E)-1-aryl-3-(2,2,2-trichloroethylidene)urea (pathway C) than the stability of the anticipated molecule of (E)-4-chloro-N-(2,2,2-trichloroethylidene)benzamide (pathway D).
Conclusion
Several 4H-1,3,5-oxadiazine derivatives were synthesized and their fragmentation under FAB conditions was studied. The most characteristic fragmentation pattern involves fragmentation of the 1,3,5-oxadiazine ring followed by cleavage of the resulting (E)-1-aryl-3-(2,2,2-trichloroethylidene)urea.
Experimental
IR spectra were recorded in KBr pellets using a Spectrum BX II spectrometer. FAB mass spectra were recorded on a VG7070 instrument. Desorption of ions from the samples in meta-nitrobenzyl alcohol or 3-mercaptopropane-1,2-diol was carried out with a beam of argon atoms having an energy of 8 keV. 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded for solutions in DMSO-d 6 on a Varian VXR-400 spectrometer. EA was performed on a LECO CHNS-900 instrument. Control of the reactions and the purity of compounds were performed by thin layer chromatography (TLC) on Silufol UV-254 plates eluting with chloroform/acetone (3:1).
General procedure for the synthesis of new substituted thioureas 3f, 3h-k and 3m
The isothiocyanate 1 (3.44 g, 0.01 mol), prepared according to the method reported in [32] , was dissolved in 15-18 mL of acetonitrile. Then, the solution was stirred vigorously and treated portion-wise, to avoid overheating, for 7-10 min, with 0.01 mol of the appropriate amine 2. After the stirring was stopped, the mixture was left at room temperature for 24 h. The resultant precipitate was filtered off, washed with acetonitrile (2 × 3 mL), dried for 24 h at room temperature and then for 5 h at 100°C. Product 3 was crystallized from MeCN. -N-(2,2,2-trichloro-1-(3-(2-chlorophenyl) -N-(2,2,2-trichloro-1-(3-(4-chlorophenyl) -N-(2,2,2-trichloro-1-(3-(2,4-dichlorophenyl) 
N-(1-(3-(2-Bromophenyl)thioureido)-2,2,2-trichloroethyl)-4-chlorobenzamide (3f) Pale

4-Chloro
4-Chloro-N-(2,2,2-trichloro-1-(3-(3,4-dichlorophenyl)thioureido) ethyl)benzamide (3m) Pale
General procedure for the synthesis of new 4H-1,3,5-oxadiazines 4f, 4h-k and 4m
DCC (1.13 g, 5.5 mmol) was added to a thiourea 3 (5 mmol) in acetonitrile (20 mL), and the mixture was heated under reflux for 50-60 min. As the reaction progressed, the precipitate of thiourea 3 gradually dissolved, and the solution turned yellow due to formation of dicyclohexylthiourea. After completion, the solution was filtered while hot, and the filtrate was left at room temperature for 24 h. The precipitated crystals were filtered off and washed with acetonitrile (2 × 5 mL), then dried and crystallized from the appropriate solvent indicated below. Chlorophenyl)-N-phenyl-4-(trichloromethyl)-4H-1,3 ,5-oxadiazin-2-amine (4a) FAB-MS: m/z (%) 402 (27) Chlorophenyl)-N-(2,4-dimethylphenyl)-4-(trichloromethyl)-4H-1,3,5-oxadiazin-2-amine (4b 6-(4-Chlorophenyl)-N-(2,5-dimethoxyphenyl)-4-(trichloromethyl)-4H-1,3,5-oxadiazin-2-amine (4d Chlorophenyl)-N-(4-methoxy-2-nitrophenyl)-4-(trichloromethyl)-4H-1,3,5-oxadiazin-2-amine (4e (25) (19) . N-(2-Chlorophenyl)-6-(4-chlorophenyl)-4-(trichloromethyl)-4H-1,3 
6-(4-
6-(4-Chlorophenyl)-N-(2-methoxyphenyl)-4-(trichloromethyl)-4H-1,3,5-oxadiazin-2-amine (4c) FAB-MS: m/z (%) 432 (22) [MH]
6-(4-
N-(4-Bromophenyl)-6-(4-chlorophenyl)-4-(trichloromethyl)-4H-
